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ABSTRACT
In this paper we present theoretical data in support of the unified indoor geolocation channel model namely (1) path loss and (2) multipath distribution models. First, the path loss model is currently accepted to be a function of the transmitter and receiver geometry and frequency of operation. Second, the most widely used and accepted indoor channel multipath distribution models are Nakagami with m degrees of freedom, Rayleigh, Rician, and lognormal. The purpose of this paper is two fold: (1) to provide a better interpretation of the sets of theoretical data for the indoor channel model and (2) to be able to explain the lack of fit of the well-known multipath distribution models from the previous measurement data sets reported in the literature; thus, providing support for the unified indoor channel model theory.
The unified path loss model consists of an approach for linking together the path loss models of the three geolocation systems (macrocellular, microcellular, and indoor) with the distance between the transmitter and receiver, R, and the frequency of operation, f. The path loss caused by increase of the transmitter receiver distance is much more severe than the path loss caused by the path loss caused by increase of the frequency of operation. The bottom line here is that we need to design future receivers or propose a signal structure that will account for 40 to 80 dB of signal degradation indoors.
The unified multipath distribution consists of a linear transformation of the well-known multipath distribution models such as Nakagami with m degrees of freedom, Rayleigh, Rician, and lognormal. While it is rather straight forward to prove the unified geolocation multipath distribution model when only the contributing individual distributions are Rayleigh, Rician, and lognormal, if we assume that we have a fourth distribution such as Nakagami with m degrees then the process is not straight forward any more. We will investigate this and report the results in the future.
The main purpose of the unified multipath distribution model is to enable the calculations of reflections' gain. Assuming that the channel is composed of individual distributions such as Rayleigh, Rician, and Lognormal we have perform reflection gain calculations.
From the theoretical data it appears that reflections with gain 3dB or higher than the LOS gain are on the order of 1 out of 6.2 days. On the other hand, reflections with gain 5dB greater than the LOS gain are of the order of 1 out of ~6072 years. And this is the most important conclusion of this work that for simulation or implementation purposes we should never consider reflections with gains greater than equal to 5 dB greater than the LOS gain.
INTRODUCTION
In the past we have propose a theory for the unified geolocation channel models [1] [2] [3] . Our unified geolocation channel model theory was based on the extensive research in this area, the majority of which is presented in [1] .
The unified geolocation channel model consists of two models: (1) the path loss model and (2) the multipath distribution model. The path loss model consists of a relationship of the path gain with the transmitter receiver distance and the frequency of operations. It is suggested [1, 2] that the path loss gain factor is inversely proportional with the nth power order of the distance between the transmitter and receiver. Typical values of n range from 2-6. We will call n the transmitter receiver index. Obviously for open air or outdoor geolocation systems the transmitter receiver index n is equal to 2 and for severe indoor geolocation systems the index n has higher values close to 6. Although higher values of n may also be observed we will assume that for the purposes of this research typical values of the transmitter receiver index n is close to 6. As reported in our investigation the path loss caused by increase of the transmitter receiver distance is much more severe than the path loss caused by the path loss caused by increase of the frequency of operation. The bottom line here is that we need to design future receivers or propose a signal structure that will account for 40 to 80 dB of signal degradation indoors. While the first model denotes the line-of-sigh value of the path loss gain, typically other paths are also observed [1, 3] . Therefore, there is a need for a multipath distribution model. Although there are many elements in the multipath distribution model such as the path gain distribution, the inter-arrival times, and the path phase' distribution, or the number of observable paths distribution the most important of all these are two: the path gain distribution and the number of observable path distribution.
The main idea in this paper is to come up reasonable numbers of the path gains of the observable paths based on known distributions. In the process of doing all these we also provide a thorough discussion of the unified geolocation multipath distribution model. The purpose of this model is two fold: (1) to provide the framework for reconciling the entire known or unknown multipath distribution models and (2) to enable a procedure for providing reasonable bounds on the values of the path gains of the observable paths.
In summary this procedure will provide sufficient information on the completeness of the multipath model for all geoloaction systems.
While it is rather straight forward to prove the unified geolocation multipath distribution model when only the contributing individual distributions are Rayleigh, Rician, and lognormal, if we assume that we have a fourth distribution such as Nakagami with m degrees then the process is not straight forward any more. As indicated in the theoretical derivation it appears that obtaining the Nakagami with m degrees of freedom parameters is straight forward from the mean and variance values of the composite distribution. We will investigate this and report the results in the future. This paper is organized as follows: First, in order to refresh the reader we reconsider the unified line-of-sight path loss wireless communication channel model. Second, we refresh the reader on the multipath distribution path gain model. Third, we consider computations on the observable path gains. Fourth we provide conclusions on the work conducted. From the theoretical data it appears that reflections with gain 3dB or higher than the LOS gain are on the order of 1 out of 6.2 days. On the other hand, reflections with gain 5dB or higher than the LOS gain are of the order of 1 out of ~6072 years. And this is the most important conclusion of this work that for simulation or implementation purposes we should never consider reflections with gains up to 5 dB.
UNIFIED LINE-OF-SIGHT PATH LOSS (GAIN) MODEL
The unified path loss model consists of an approach for linking together the path loss models of the three geolocation systems (macro-outdoor, micro-outdoor, and indoor) with the distance between the transmitter and receiver, R, and the frequency of operation, f. Although there are several parameters that affect the power loss factor, we consider R and f as the most important parameters for two reasons. Most of the geolocation systems discussed in [1] are based on a direct measure of the time of travel; i.e., distance between the transmitter and receiver. The frequency of these systems varies; hence, the path loss factor varies as a function of the Although the data presented here is not new, the interpretation of the data is new in the context of tying in our data with our ongoing research. The path loss caused by increase of the transmitter receiver distance is much more severe than the path loss caused by the path loss caused by increase of the frequency of operation. The bottom line here is that we need to design future receivers or propose a signal structure that will account for 40 to 80 dB of signal degradation indoors.
UNIFIED MULTIAPTH DISTRIBUTION MODEL
Let's assume that we have three multipath distribution models: Lognormal, Rician, and Rayleigh.
Let f i (a k ) denote the multipath distribution model, which for the macro-geolocation systems (i = 1) (lognormal distribution), for the micro-geolocation systems (i = 2) (Rician distribution), and and for the indoor geolocation systems (i = 3) (Rayleigh distribution).
Let f(a k ) denote the unified multipath distribution model. Let r and n i be defined as follows: According to the unified distribution channel model f(r) can be written as [1, 3] (
In [1, 3] we provide four theorems that enables the validity of this distribution expansion.
However, here we explain the usefulness of the unified geolocation multipath distribution channel model which is two fold:
1. To provide the framework for all the available multipath distribution channel models;
2. To enable the computation of observable path gains.
To illustrate the first goal we consider three known multipath distributions: Lognormal, Rician, and Rayleigh and the resulting composite distribution with µ a = 0.6 and σ a = 0.0626 and n = {0.25, 0.35, 0.4}.
Other distributions are proposed such as Nakagami with m degrees of freedom [4, 6] .
Let assume that R is a random variable, whose probability density function is Nakagami, is given by [7] [8] [9] : Nevertheless, if we assume that such an algorithm will be in place from where we will be able to determine m > 0.5 and ω from the computed mean and variance we can utilize the unified multipath probability density function. We only illustrate the logic below.
In order to account for another distribution our unified multipath distribution channel model, f(r), can be modified as follows:
Simply by changing the values of i n we can obtains a infinitely more number of distributions among the Nakagami with m degrees of freedom, Lognormal, Rician, and Rayleigh than Nakagami with m degrees of freedom; and therefore, there is a much higher chance that the actual, measurable multipath distribution which does not fit well the Nakagame with m degrees of freedom distribution may fit well the unified geolocation channel model expanded among the Nakagami with m degrees of freedom, Lognormal, Rician, and Rayleigh.
Future measured data will show the validity of this claim.
The following section illustrates the computation of the observable paths.
OBSERVABLE PATH GAIN COMPUTATIONS
Let assume that a is the path gain which fits a Rayleigh distribution given by its probability density function The line-of-sight path gain is the expected value of the distribution which is given by
The probability that the path gains; i.e., the non line of sight (NLOS) gains will be smaller or equal the LOS gain is equal to (  (1 18 8) ) [ ] In other words, the probability that the NLOS path gains is greater than the LOS path gain is (  (1 19 9) ) [ ] 0958 . Let's assume that there exits a 1 st reflection that has a gain of 3dB greater than the LOS gain. The probability that the path gains will be smaller than the this gain is If we were to convert this number in days we get 1 out of 6.3 days. However, in order to get a better number for the observable path gain reflections we consider the following case.
If we assume that the NLOS path gain will be greater than the 5dB LOS path gain than the probability of that event is Based on this calculations it is very very unlikely that the first reflection will have a path gain that is 5 dB greater than the LOS path gain. In other words if this event was to occur one second out of 11 10 92 . 1 × seconds or 1 seconds out of ~6072 years. The occurrence of this event seems to go even beyond Biblical times. It seems that none of us will be around to observe this event.
Let's assume that the multipath distribution is either Lognormal or Rician. Figure 1 shows the pdf and cdf of the Lognormal, Rician, and Rayleigh for the same mean µ a = 0.6 and standard deviation σ a = 0.0626. If we assume that the 1 st reflection path gain is 3 dB higher than the LOS path gain which is 0.6 then that gain will be 1.972 which is greater than 1. For these gains both Lognormal and Rician distributions are under the Rayleigh distribution, which means that the tale probability that the NLOS path gain is greater than 3 dB than the LOS path gain is the smallest for the Lognormal distribution and the largest for the Rayleigh distribution; i.e., the following will hold 
CONCLUSION
In conclusions we have revisit the unified geolocation channel model and have arrived at the following conclusions:
1. The unified path loss model to an extent represents the complete path loss model for all available geolocation systems. The bottom line here is that we need to design future receivers or propose a signal structure that will account for 40 to 80 dB of LOS signal degradation indoors.
2. The unified multipath distribution not only presents the complete multipath distribution model but also provides the framework for all the computations required for observable path gains. However, one of the limitations is the ability to obtain specific distribution parameters such as in the case of Nakagami with m degrees of freedom from the mean and value of the distribution resulting from the actual measurements. While Nakagami distribution may be a great distribution for power fading it is probably not a good distribution for gain fading for the reasons presented in the paper.
3. From the theoretical data it appears that reflections with gain 3dB or greater than the LOS gain are on the order of 1 out of 6.2 days. On the other hand, reflections with gain 5dB or greater than the LOS gain are of the order of 1 out of ~6072 years. And this is the most important conclusion of this work that for simulation or implementation purposes we should never consider reflections with gains up to 5 dB greater than the LOS gain.
We are in lookout for experimental data to validate our models and also other distributions such as Weibull.
Another approach could be that we modify our unified geolocation multipath distribution model to enable power calculations as opposed to gain calculations. This is also something that we will investigate and propose a new unified power multipath distribution model.
APPENDIX A
Because many book or articles do not derive the expected value (or the mean) and variance of the Nakagami distribution we provide a complete derivation of these two important statistical parameters. 
